lowing four factors, are required for a resection to be considered curative: (1) depth of submucosal invasion less than 1000 μm, (2) well and/or moderately differentiated adenocarcinoma, (3) negative lymphovascular invasion (LVI), (4) budding grade 1. If any of these factors are not fulfilled, additional surgery should be considered to reduce the risk of recurrent LNM and mortality [5] . The European Society of Gastrointestinal Endoscopy (ESGE) Guidelines [7] use similar criteria to evaluate the curability of endoscopically resected specimens. In addition to those factors, the ESGE Guidelines mention the importance of evaluating budding, and recommend at least a 1 mm tumorfree margin to obtain curative resection. Although the American Society for Gastrointestinal Endoscopy (ASGE) Guidelines [8] do not mention any pathological criteria after ER, the National Comprehensive Cancer Network (NCCN) Guidelines have pathological criteria that are similar to those of JSCCR and ESGE.
Both Japanese and Western guidelines for ER of colorectal tumors have similar criteria to evaluate the curability of resected specimen as well. Of several factors influencing the curability, the depth of tumor invasion, which can be measured with high accuracy by magnifying endoscopy, is currently the only reliable predictive risk factor before endoscopic treatment of colorectal cancer (CRC). However, LVI or histological type has been suggested as an even more important predictor of lymph node metastasis and poor prognosis [9 -15] . So far, the endoscopic findings that correlate with LVI have not been elucidated.
The aim of this study is to investigate the predictive relevance of LVI before endoscopic treatment.
Patients/Materials and methods
Electronic medical records and pathological reports of patients who underwent ER or surgical resection (SR) at the National Cancer Center, Tokyo, Japan, between April 2007 and April 2015 were retrospectively reviewed. The clinical and pathological outcomes of 679 consecutive patients with 703 pT1 colorectal neoplasms were gathered. We investigated relevant factors that could be obtained or predicted with high accuracy before endoscopic treatment, including age, sex, tumor location (lower rectum, upper rectum, or colon), size and morphology of the lesion by review of endoscopic reports. On the other hand, the data on size and depth of invasion were obtained by review of pathological reports. Thirteen patients with 13 lesions were excluded due to difficulty determining whether the tumors were pathologically T1a or T1b. In addition, one patient with four lesions was excluded since it was difficult to evaluate tumor morphology due to the collapse of the lesions. Finally, 665 patients with a total of 686 pT1 colorectal neoplasms were analyzed.
The patients/lesions were divided into two groups, a LVI positive group and a LVI negative group (▶ Fig. 1 ). The morphology of the lesion includes determining the presence of depressions and laterally spreading tumors (LST). The depth of invasion was divided into two groups, T1a (depth of invasion ≤ 1000 µm) and T1b (depth of invasion > 1000 µm), in accordance with the Japanese classification criteria for cancer of the colon and rectum. Pathological depth (pT1a, pT1b) was used instead of clinical depth (cT1a, cT1b), because the accuracy of the depth diagnosis of colorectal lesions using magnifying chromoendoscopy is reported to be > 90 % [16] . We conducted this study in accordance with the guidelines of our Institutional Review Board, which approved this retrospective study without the need for informed consent. All of the patients provided written informed consent for the ER or SR.
Histopathological assessment
Endoscopically resected specimens were fixed in 10 % buffered formalin and were cut into 2-mm-thick slices. In contrast, surgical specimens were cut into 4-to 5-mm-thick slices. These were embedded in paraffin, cut into 3-μm sections, stained with hematoxylin and eosin (HE), and microscopically examined for histopathologic type by pathologists specialized in gastrointestinal pathology. The histopathological diagnoses were based on the Japanese classification criteria for cancer of the colon and rectum. In addition to HE staining, podoplanin (D2 -40) and Elastica van Gieson (EVG) staining were performed for the evaluation of lymphatic invasion and venous invasion, respectively, with endoscopically resected specimens. In contrast, for surgical specimens, Victoria Blue hematoxylin and eosin (VB-HE) staining was performed to assess venous invasion, however, po- doplanin staining was not performed. Lymphovascular invasion was determined to be positive when tumor cells were observed in lymphatic or vascular spaces.
Statistical analysis
To examine the relevance of LVI as a predictive marker of curability, age, sex, tumor location (rectum, colon), size and morphology of the lesion (presence of depression, LST), and depth of invasion (pT1a, pT1b) were evaluated. For comparisons between the LVI positive and negative groups, data were analyzed using the Mann -Whitney U test for data showing continuous variables and Fisher's exact test for categorical variables. Conditional multivariate logistic regression analysis using all variables was constructed to calculate odds ratios (ORs) and 95 % confidence intervals (CI). All tests were two-sided, and P < 0.05 was considered to be statistically significant. All statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). More precisely, it is a modified version of R Commander designed to add statistical functions frequently used in biostatistics [17] .
Results
Our study included samples from 314 patients with 322 lesions who had ER and samples from 351 patients with 364 lesions who had SR (▶ Fig. 1 ; ▶ Table 1 ). Of 322 ER lesions, 302 cases were resected en bloc and 20 lesions were resected in piecemeal fashion. The proportion of female subjects was lower in ER than SR (35.4 % vs 44.0 %, respectively; P = 0.02). A significantly lower proportion of tumor samples from the ER group versus the SR group had depressed components (30.7 % vs 65.7 %, respectively; P < 0.01), non-LST features (46.6 % vs 71.3 %, respectively; P < 0.01), and LVI (32.5 % vs 41.2 %, respectively; P < 0.01). In addition, a significantly lower proportion of samples from the ER group than the SR group was diagnosed as T1b (52.8 % vs 94.0 %, respectively; P < 0.01). No significant differences were found between ER and SR groups with regard to age, tumor location, or tumor size (▶ Table 1 ). LVI positive and negative groups included 229 and 457 cases, respectively (▶ Fig. 1 ; ▶ Table 2 ). Age was significantly lower in patients in the LVI positive group than the LVI negative group (65 years vs 67 years, respectively; P < 0.01), and median tumor size was significantly smaller in the LVI positive group than the LVI negative group (17 mm vs 20 mm, respectively; P = 0.01). A significantly higher proportion of samples from the LVI positive group than the LVI negative group had depressed components (62.9 % vs 42.5 %, respectively; P < 0.01), non-LST features (71.2 % vs 55.8 %, respectively; P < 0.01), and pT1b (89.0 % vs 67.4 %, respectively; P < 0.01) (▶ Table 2 ). In a multivariate logistic regression analysis, younger age (comparing patients aged ≤ 64 years with those aged > 65 years; OR: 1.81; 95 % CI, 1.29 -2.53), depressed component (OR: 1.97; CI, 1.40 -2.77), non-LST feature (OR: 1.50; CI, 1.04 -2.15), and pT1b (OR: 3.08; CI, 1.91 -4.97) were shown to be associated with LVI (▶ Table 3 ). Approximately half of the lesions (47.5 %) in samples with a depressed component and suspected T1b, were LVI positive (▶ Table 4 ).
Discussion
The histological identification of LVI after colorectal cancer (CRC) removal has been recognized as a reliable predictor of LNM and patient prognosis. This study investigated the predictive relevance of LVI before endoscopic treatment and showed two clinically important issues. First, younger age, depression, T1b, and non-LST are associated with LVI. Second, careful pathological diagnosis and surveillance are necessary for lesions demonstrating any of these four factors. In addition to depth diagnosis, recognition of depressed components and non-LST status by endoscopic diagnosis is important to predict LVI.
Our study suggests that T1 CRCs in younger patients may have more malignant potential than those in older individuals. There is growing evidence that the incidence of CRC in the ▶ younger generation is increasing [18, 19] , and it has been suggested that CRC in younger patients exhibits a different biological behavior than in older patients [20 -22] . Although it still remains controversial, some studies have shown that younger patients with CRC have a worse prognosis [23, 24] . Our study supports these results; however, further examination is necessary to confirm our conclusion. Furthermore, our study showed that T1b colorectal cancers tend to have a higher rate of LVI than T1a colorectal cancers. This is probably because T1b cancers have more malignant potential than T1a cancer and a larger invasive area raises the possibility of encountering lymphatic ducts or small vessels. Our study also suggests that depression and non-LST lesions are associated with LVI. These results may reflect the typical characteristics of de novo cancer such as depressed type lesions or non-polypoid growth [25, 26] . Cancers derived from the de novo pathway are considered more aggressive than those derived from an adenoma carcinoma sequence [27] . For well-trained endoscopists, determining the presence of depressions, the depth of the tumor, and LST with high confidence is possible endoscopically [16] . Endoscopists should carefully examine these findings and make a precise diagnosis during pretreatment endoscopy. These three factors are also present in typical submucosal invasive cancer that has a definite depres-▶ Table 2 Univariate analysis to predict LVI status using factors that can be acquired during endoscopic diagnosis. ▶ Table 3 Multivariate analysis to predict LVI status using factors that can be acquired during endoscopic diagnosis. LST, laterally spreading tumor; OR, odds ratio; CI, confidence interval.
Characteristics

Clinical factors OR (95 %CI)
▶ Table 4 Rate of lymphovascular invasion by depth of invasion or depression. Recently, expanding the criteria for endoscopic resection for T1b colorectal cancers has been discussed, and there is a possibility that ER for T1b colorectal cancers could become standard treatment if other factors are fulfilled [28, 29] . In a retrospective study, Yoshii et al. demonstrated that patients who underwent ER for deep submucosal invasive cancer are at low risk for colon cancer recurrence if the there are no lymphovascular invasion, poor differentiation, and high grade budding [29] . They estimated the cumulative risk of recurrence to be 2.3 % in an ER plus additional surgery group and 3.4 % in an ER only group (P = 0.867). However, they experienced one death after ER due to recurrence in a patient who was diagnosed as pT1b (2300 µm) with no other non-curative factors after ER.
Depth of invasion
Considering the fact that even though a lesion is cut into 2 mm slices when performing the pathological diagnosis for ER specimens in Japan, not all areas of a lesion are observed pathologically, and it is impossible to observe the entire lesion continuously. A substantial risk may exist that LVI positivity is not diagnosed pathologically. It was reported that interobserver agreement for LVI among pathologists is insufficient for a credible diagnosis, even if immunohistochemical staining was used [30] . That is the main limitation of the current pathological diagnosis. In fact, recurrent cases of colon cancer are occasionally experienced in cases where the lesion was diagnosed as LVI negative during initial diagnosis, but was shown to be positive after reevaluation with additional more deeply cut specimens that were performed when the recurrence was recognized. We must recognize from this study that T1b itself is a risk factor for LVI positivity, and pathological evaluation should be performed in a standardized sophisticated manner by experienced gastrointestinal pathologists. Additionally, prudent discussion is necessary when considering expanding the criteria for ER of T1b colorectal cancers. When ER is performed for a lesion that shows a depression, pT1b, and non-LST, there is a possibility that LVI was missed, even if the lesion was diagnosed initially as LVI negative.
The accuracy of the diagnosis of LVI in our study was not sufficiently high to change the endoscopic treatment strategy for early colorectal cancers. On the contrary, the results from our study suggest that if the lesion demonstrates younger age, a depressed component, T1b, and non-LST, careful pathological diagnosis is necessary to predict treatment outcomes. In addition, an endoscopist should carefully diagnose the morphology, depression, and estimated depth using high definition endoscopy and chromoendoscopy.
This study has several limitations. In our study, we investigated the predictive factors from endoscopic diagnosis; however, we used the pathological depth data for our investigation. Since the accuracy of the endoscopic diagnosis is satisfactory, we reasoned that substituting the endoscopically estimated depth measurement with the pathological depth measurement is acceptable. Furthermore, there are several differences about pathological diagnosis between endoscopic and surgical specimens. First, endoscopically resected specimens were cut into 2-mm-thick slices. In contrast, surgical specimens were cut into 4-to 5-mm-thick slices. This may influence the positive ratio of LVI. Second, EVG staining was used for endoscopically resected specimens, whereas VB-HE staining was used for surgical specimens to evaluate vascular invasion. Although there is a difference concerning staining of vessels, and both stains are considered to be useful [31 -33] , it is unlikely that this might influence the positive ratio of venous invasion. Third, D2 -40 staining was not performed for SR, because lymph node dissection had already been performed. This might underestimate the presence of lymphatic invasion when we evaluated the LVI status in surgical specimens.
In conclusion, younger age, depressed component, T1b, and non-LST are associated with LVI. Careful pathological diagnosis is necessary to predict treatment outcomes if any of these four factors are present. Further multicenter or prospective studies are necessary to determine the endoscopic features from which we can predict LVI.
